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It is now a. fully established fact that phosphorus and humus 
are the two substances needed to maintain the fertility of the 
common Illinois soils; ground limestone to be used also when-
ever the soil becomes acid or sour. 
The humus must be maintained by plowing under manure 
or clover and crop residues. If a fo ur-year rotation is practiced, 
consisting of wheat (with clover seeding) the first year, corn the 
second, oats (with clover seeding) the third, and clover the 
fourth, the supply of humus can be as well maintained in grain 
farming as in any independent system of live-stock farming, 
provided: ( 1) that the young clover seeded the first year is al-
lowed to grow as late as practicable the next spring (then disked 
Lefore being plowed under for corn, if necessary to insure capil-
Im·y connection with the subsoil) ; (2) that the corn stalks are 
disked down (not burned) before seeding the oats the third year; 
(3) that all the clover of the fourth year, excepting the seed crop, 
( t· c t•ops, is left on the land; and ( 4) that the threshed wheat 
~[1' :-t \\· , oat stra'Y, and clover straw are all returned to the land. 
Thru the .. process of digestion, animals destroy, as an aver-
U,3' t', 1 wo-thirds of the dry matter in the food they eat, so that one 
ton of clover hay plovved under will add as much humus to the 
ooil as the manure made fron1 three tons of clovee hauled off and 
{ed, even if all the manure is returned to the land without loss by 
fermentation. These are facts of the greatest importance to 
grain farmers, to which class belong about three-fourths of the 
farmers of Illinois. 
This system of grain farming will permanently maintain the 
fertility of the soil, provided sufficient phosphorus is applied to 
replace that sold in the grains and lost by leaching- limestone 
to be supplied, if needed, and. other legume crops (such as cow-
peas, soybeans, alsike, and sweet clover ) to be substituted for 
red clover, if necessary. 
All who have thoroly investigated the n1atter are agreed that · 
the addition of phosphorus is essential in any system of farming 
designed to maintain the fertility of the common Illinois soils~ 
because the total stock of phosphorus contained in the soil is 
limited and because this stock is constantly being depleted thru 
the sale, not only of grain, but also of bone a·nd milk, .from the 
farm. 
·For the Illinois grain farn1er there are three forms of phos-
phorus to be considered: bone meal, natural r0ck phosphate, 
and acid phosphate. About 100 pounds of phosphorus should be 
applied per acre every four years, and preferably should be 
plowed under with n1anure. in live-stock . farming, or with 
clover residues in grain fa\'m.ing. A comparison of these source 
of phosphorus is an easy matter. rrhus, 100 pounds of phos-
phor~s is contained in 800 pounds of good steamed bone meal, 
and in that form would cost, at $25 per ton for the bone meal, 
abovt $10, or 10 cents a poun~. rrhe same amount of phosphorus 
( 100 pounds ) is contained in 800 pounds of good raw rock phos-
phate, and would cost, at present prices for raw .rock phosphate 
(about .$7.50 per ton delivered in central Illinois ) , about $3, or 
3 cents· a pound. This same amount of phosphorus ( 100 pounds ) 
is also contained in 1600 pounds of good acid phosphate, in 
which form it would cost, at $15 per . ton for· the acid phosphate, 
about $12, or 12 cents a pound. 
It need only be mentioned that to apply 100 pounds of pho·s-
phorus in the ordinary "complete" commercial fertilizer would 
1'equire some 3000 pounds of the fertilizer, at a cost of about $30. 
:3uch fertilizer would of course contain s1nall amounts of nitro-
gen and potassium, but these elements the farmer has no need 
to purchase. 
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The phosphate problem to be solved by Illinois landowners 
~s whether they shall use steamed bone meal, fine-ground insolu-
ble rock phosphate, or soluble acid phosphate. Chemically, the 
phosphorus in steamed bone meal is in the same "form," or com-
pound, as that in natural rock phosphate, but the bone is porous 
and contains some organic matter. The acid phosphate is made 
by mixing a ton of sulfuric acid with a ton of natural rock p~os­
phate, thus producing two tons of the manufactured product in 
which the phosphor.us is held in a soluble compound. · 
It is generally known that natural roc~ phosphate must be 
very finely ground, and even then it does not give satisfactory re-
sults except when applied in connection with liberal supplies of 
decaying organic matter, such as farm manure or clover. On 
the other hand, acid phosphate, because it may act in part as a 
soil stimulant, usually gives good results for a few years, even in 
systems of farming which do not maintain the supply of humus, 
and even when applied in smaller amounts than are required to 
supply the phosphorus actually removed in the crops harvested. 
By far the most valuable information concerning the use of 
natural rock phosphate in comparison with acid phosphate has 
been secured by long continued investigations conducted by the 
Ohio Experiment Station. Yet quotations that can be made from 
certain statements recently published by Professor Thorne, under 
whose direction these Ohio experiments have been conducted, are 
not in harmony with the conclusions already advanced by the 
Illinois Experiment Station. This circular is therefore presented 
with the primary purpose of furnishing Illinois landowners with 
the complete data in order that they may study the original facts 
and draw their own conclusions. 
'Phe following description of the experiments, diagram of 
the fields, table of average yields, table of computed increases 
and financial gains, and general conclusions are all accurately 
quoted from pages 20 to 24 of Circular 83 of the Ohio Agricul-
tural Experiment Station, published in July, 1908. 
"BARNYARD MANURE TESTS 
"COMPARISO OF YARD WITH FRESH MANURE 
" THE REINFORCEMENT OF MANURE 
"This experiment wa begun [at Wooster, Ohio] in 1897 for the 
purpose of comparing manure which has lain for some months in an 
open barnyard with that taken directly from the stable to the field, and 
of studying the effect of treating the manure with several absorbent or 
reinforcing materials. 
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"In this investigation a lot of manure has been taken from the open 
barnyard, where it has been accumulating during the winter, and d:Urided 
into four parcels. With one parcel is mixed the finely ground, phosphatic 
rock, known as floats, from which acid phosphate is made by mixing it 
with sulfuric acid; with another parcel acid phosphate is mixed; with 1 
third, the crude potash salt, known as kainit, and with a fourth, land 
plaster, or gypsum; the reinforcing materials being used at the· uniform 
rate of 40 pounds per ton of manure. At the same time manure taken 
from box stalls, where it has accumulated under the feet of animals kept 
continuously in their stalls, is di;vided into similar parcels and treated 
with like quantities of the same materials. 
"After a few week~ the manure thus treated, together with two lots 
of untreated manure, one taken from the yard and one from the stable, 
are spread upon clover sod at the rate of 8 tons per acre and plowed un-
der for corn, the corn being followed by wheat and clover in a 3-year 
rotation. During the first three seasons soy beans were grown, because 
of clover failure, and were plowed under. 
"Three tracts of land, A, ·B and C, are included in the test, each crop 
being grown every season. The arrangement of these tracts and the 
plan of fertilizing are shown in Diagram V. 
"The financial outcome of this test is shown in Table XII, in which 
the materials used in treatment are re-valued in accordance with pres-
ent prices. 
"It will be observed that the increase produced by the ton of stall 
manure has in every case been greater than that from the ton of yard 
manure similarly treated, and that the ton of stall manure treated with 
acid phosphate has produced more than double the increase recovered 
from the ton of untreated yard manure. 
"While the treatment of manure has in every case increased its 
effectiveness, the gain per acre produced by reinforcing the manure with 
acid phosphate has been so much greater than that from any other 
treatment that it has not been profitable to use anything else, even tho 
the other materials had cost nothing." 
If we consider its source, this statement, taken by. itself, may 
Le quoted as the strongest existing "argument" against the direct 
use of ·natural rock phosphate for soil improvement, but it 
should be noted and kept clearly in mind that Director Thorne 
distinctly states "gain per acre," and not profit on investment. 
Furthermore, it is the firm conviction of the author that there 
are several thousand Illinois landowners v.rho are at least as 
capable as either .Thorne or Hopkins of taking the original facts 
and drawing conclusions concerning their practical application 
to Illinois soils in adopting profitable systems of permanent agri-
culture. 
Let us accept for our first examination the exact figures re-
ported in Ohio Table XII, in the columns headed "Cost of treat-
ment per acre" and "Net value of increase per acre." 
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DIAGRAM V: ARRANGEM~NT O F PLO TS AND PLAN O F FERTILIZING IN 
EXPERIMENTS WITH MANURE 
PLOTS ONE-SIXTEENTH ACHE 
[From Ohio Circular 83 ] 
11 Nothing 
-
Nothinl{ l 
12 Yard manure and gypsum Yard manure and fioats 2 
13 Stall manure and gypsui):l Stall manure and fioats 3 
14 Nothing f./l Nothing 4 
t'i 
15 Yard manure. untreated 0 Yard manure and acid phos. 5 >j 
.... 
16 Stall manure. untreated 0 Sta ll manure and acid phos. 6 z 
17 Nothing > Nothing 7 
18 Chemical fertilizer Yard manure and ka •nit 8 
19 Chern· cal fertilizer Stall manure and kainit 9 
20 Nothing Nothing 10 
11 Nothing Nothing I 
12 Yard manure and gypsum Yard manure and fioats 2 
13 Stall manure and gypsum Stall manut·e and fioa ts 3 
14 Nothing 
. [/1 Nothing 4 
t'i 
15 Yard manure. untreated 0 Yard manure a nd acid phos. 5 >j 
16 Stall mar.ure, untreated 0 Stall manure and acid phos. 6 z 
- b:l 
17 Nothing Nothing 7 
18 Cbemical fertilizer Yard manure and lminit 8 
19 Chemical fertilizer Stall manure and kainit 9 
20 Nothina- XC)thing- 10 
11 Nothing Nbthing I 
12 Yard manure and gypsum Yard manure and floats 2 
13- Stall manure and gypsum ~tall manure and fioats 3 
14 Nothing r:/1 Nothing 4 t'i 
c 
15 Yard manure, untreated ~ 
0 Yard manure and acid phos. 5 
z 
16 Stall manure. untreated 0 Stall manure and acid phos. 6 
17 Nothing Nothing 7 
18 Chemical fertilizer Yard ma.nure and ka.init 8 
19 Chemical fertilizer Stall manure and kainit 9 
20 Nothing Nothinll 10 
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TABLE XI: BARNYARD MANU HE ON CROPS GROW·N IN 3-YEAR ROTA'l'ION 
AYERAGE YIELD PER ACRE, 1897 TO 1907 
l From Ohio Circular 83 ] 
Corn Wheat 
11 year·s 10 years 
Plot Manure and treatment Hay 
GrainiStover Grain! Straw 
7 
years 
No. I . Bus. Lbs. [ Bus. Lbs. Lbs. 
1 None ....................... .. ..... 37_.97 2-,257 11.49 1,425 2,363 
2 Yard manure and floats ..... . . .... 58.83 3,316 24.21 2,627 3,660 
3 Stall " '' '' ...... . .. ... 62.99 3,617 25 .82 2,828 !1,293 
4 None ......................... ... 31.!10 2,010 10.24 1,193 1,771 
5 Yard manure and acid phosphate .. 59.65 3,277 24.65 2,615 3,!t22 
6 Stall " " " " . 64.49 3,533 25.55 2,800 4,212 
7 None .... .- ......................... 31.53 1,997 9.'14 1,115 1,728 
8 Yard manure and kainit. .......... 
1
5!L17 3,157 20 .87 2,330 2,922 
9 Stall ''. " " .. .. ....... 60.09 3,545 22.97 2,G57 3,711 
10 None .......... ....... ........... 32.61 2,007 10.43 1,212 2.,016 
11 None ...... . .... . ............. ...... 37.61 2,388 12.52 1,547 2,685 
12 Yard manure and gypsum .. . .. .. .. 57.75 3,!.d6 22 .88 2,562 3,2-18 
13 Stall " " " ......... 60.56 3,634 22 .89 2,577 3,172 
1/t None ........ ........ . .............. 32.49 2,033 9.61 1,105 1,669 
15 Yard manure untreated ........ .. ... 50.61 :2,909 18.20 2,071 2,409 
16 Stall " ·' .. . .. ..... 58.19 3,371 19.73 2,237 3,069 
17 None .............................. 36.34 2,315 9.93 1,209 1,982 
18 Chemical fertilizer1 . . .... .... .•. 42 .5!1 2,578 12.70 1,508 2,699 
19 Chemical fertilizer2 ••••• . • • ••••.•• 43.29 2,443 14.38 1,733 2,8/12 
20 None .............................. 34.15 2,035 10.08 1,250 2,216 
-------------- -- -- --
Average unmanured yield .. .. .... . 34.57 2, 129 10.43 1,2:? 0 .2,009 
lAcid phosphate, 80 lbs.; muriate potash. llO lbs .; nitrate soda, 160 lbs. 
2 " " 80 .. " '' 10 '' tankage (7-30) 100 lbs. 
It will be noted that the total value of the increase is $18.17 
from 8 tons of yard manure, $28.13 from 8 tons of yard manure 
and 320 pounds of raw phosphate (floats), and $33.05 from 8 
tons of yard manure and 320 pounds of acid phosphate. By sub-
traction we find that the $1.40 invested in raw phosphate pro-
duced an increase of $9.96, or a return of $7.11 for each dollar 
invested; while the $2.40 invested in acid phosphate produced an 
increase of $14.88, or a return of $6.20 for each dollar invested. 
TABLE XII: BARN YA RD MANURE ON CHOPS GROWN IN 3-YEAR ROTA'riON 
SUM MARY: INCREASE PER ACRE AND 11'S VALUE 
Plot 
No. 
2 
3 
Manure and treatment 
Yard manure and floats 
Stall " " " 
5 Yard manure and acid phosphate .. 
6 Stall ·• " '' ' ' . . 
8 Yard manure and kainit. . . .. . .. . . . . 
9 Stall ' ' " " .. .... .... .. 
12 Yard manure and gypsum .. . .. . ... . 
13 Stall " '' " ... . .... . 
15 Yard manure untreated ... . . . . .. . . . 
16 Stall ·• " ... . ...... .. 
18 
19 
Chemical fertilizer1 •••. • .. .. . .••.. . 
,, '' 2 • •••••• ••• 0 • " ••• 0 
[From Ohio Circular 83] 
Net value of Cost of Average increase per acre increase 
treat- 1 ----------------------------~------~--~~~~--
ment 
per 
acre 
1.40 
1.40 
2.40 
2.11 0 
2.70 
2 .70 
1.00 
1.00 
7.115 
2.20 
Corn-11 years VVheat-10 years 
Grain Stover Grain Straw 
Bus. 
23.05 
29.40 
28.21 
33.00 
22.28 
27 .84 
21.85 
26.37 
16.84 
23.1 2 
6.93 
8.41 
Lbs. 
1,14 2 
1,525 
1,27 1 . 
1,532 
·1,157 
1,542 
1,146 
1,482 
781 
1,150 
357 
314 
Bus. 
13.14 
15.16 
14.68 
15.84 
11.10 
12.R7 
11.33 
12.31 
8.lt8 
9.91 
2.72 
4.36 
Lbs. 
1,279 
1,558 
1,448 
1,659 
1,183 
1,477 
1,162 
1,324 
932 
1,062 
285 
497 
Hay 
7 years 
Lbs. 
1,494 
2, 325 
1,666 
2,470 
1,098 
1,791 
902 
1,164 
636 
1,191 
639 
703 
Per Per ton 
acre manure 
$ 
26.73 
35.63 
30.65 
37.31 
22.40 
29.69 
23 .29 
28.(10 
18.17 
24 .73 
0.87 
8.63 
$ 
3.41 
4.45 
3.83 ' 
4.6q 
2.80 
3.71 
2.91 
3.57 
2.27 
3.09 
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A study of the experiments with stall manure is of greater 
1uterest and value than a -study . of the experiments with yard 
tnanure, for to expose manure to the weather for several months, 
as is done with yard manure, is not good agricultural practice. 
Such exposure usually reduces the quantity of manure by at 
least one-third, and these Ohio experiments show that the quality 
vf the manure is also markedly reduced, the increase from 8 tons 
of stall manure being $24.73, while the same amount of yard ma-
nure produced an increase of only $18.17. 
By subtracting the increase produced by stall manure alone, 
$24.73, from the $37.03 produced by stall manure and raw 
phosphate, we find that the $1.40 invested in· raw phosphate paid 
back $12:30·, or $8.79 for each dollar invested; while if we sub-
tract the same amount from $39.71, the value of the increase pro-
duced by stall manure and acid phosphate, we find that the $2.40 
invested in acid phosphate paid back $14.98, or only $6.24 for 
each dollar invested. · 
Certainly the comrpon business method of computing profit 
is on the basis of money invested, and on this basis the raw phos-
phate has yielded the "larger profit. If, however, we can conceive 
of a situation in which the landowner is able to invest $2.40 in 
soil improvement, and is permitted to make this investment in 
acid phosphate but is not permitted to invest more than $1.40 an 
acre -in raw phosphate, then he might better invest the $2.40 in 
acid phosphate than to invest only $1.40 in raw phosphate and be 
obliged to withhold $1.00 from any kind of investment. Of 
course the landowner is as free to invest $2.40 in raw phosphate 
as in acid phosphate; and if $1.40 in raw phosphate produces an 
increase of $12.30, then $2.40 in raw phosphate, if used in ex-
actly the same way, would produce an increase of $21.09, which 
is $6.11 more than the increase produced by the $2.40 invested in 
acid phosphate; but this would certainly be true only for the .ap-
plication of 320 pounds of raw phosphate per acre, and a larger 
acreage would be required for the $2.40 investment in raw phos-
phate. The question still remains : If $1.40 invested in raw phos-
phate produces an increase of $12.30 on one acre in three years, 
what increase would be produced on the same area in the samr 
time by $2.40 invested in raw phosphate? The Ohio results do 
not answer this question, since $2.40 worth of raw phosph11te 
was not used on one acre. It seems reasonable to suppose, how-
ever, that if the $1.40 invested in raw phosphate produced $12.30 
increase, an additional dollar's worth on the same acre woula 
· produce more than $2.68 additional increase. 
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There are still oth~r considerations involved in these most 
important investigations: 
, . First.-The cost of 320 pounds of raw phosphate delivered 
in Illinois is about $1.20 ($7.50 a ton) , or only one-half as much 
as the add phosphate. 
Second.-Twice as much phosphorus was applied in the raw 
phosphate as in the acid phosphate, so that where raw phosphate 
was used the soil should still contain as much applied phGs-
phorus as the total amount applied in acid phosphate-a fact 
that should not be OVElrlooked in planning systems of perma-
nent agriculture. 
Third.-Plot 1 in Section C (also Plot"11, which is an exten-
sion of Plot 1) occupies for the most of its length a slight de-
pression and, evidently in consequence of this, its yields are usu-
ally abnormally high as compared with those of other untreated 
plots. To determine the increase produced by yard manure and 
raw phosphate, Director Thorne subtracts from the yield of Plot 
2, two-thirds of the yield of Plot 1 plus one-third of the yield of 
Plot 4; and, similarly, to determine the increase produced by stall 
manure and raw phosphate on Plot 3, he subtracts from the yield 
of Plot -3, two-thirds of the yield of Plot 4 plus one-third of the 
yield of Plot 1. While this is very plainly the best method of 
computing the increases under all ordinary conditions, it may, 
because of the abnormal condition of Plot 1 in Section 0, place a 
heavy handicap on the raw phosphate. 
Fourth.-A study of the actual yields, as given in Ohio· 
rrable XI, will show that the raw-phosphate plots produced 
larger average yields with seven products, and that acid phos-
phate produced larger yields with three products. 
Fifth.-If Section 0 is disregarded entirely, and our conclu-
sions are based only upon the average results of Sections A and 
B, it will be found that the average inc.rease produced by $1.40 
invested in raw phosphate was practically the same as that fron1 
$2.40 invested in acid phosphate. ' 
Sixth.-Even the acid phosphate applied with the manure 
provides as much phosphorus as is required by the crops grown; 
the real limiting element on all phosphate plots appears to . 
have become nitrogen. Because of the nitrogen limit, the larger 
amount of phosphorus applied. in the raw phosphate could not 
produce much larger yields than the acid phosphate. Clover 
should be an exception to this because it should have no nitrogen 
limit; and this is found to be the case to some extent, especially 
TABLE 1.-0I-TJO EXPERIMENTS WITH .\lANURE AND PHOSPHATES: AVERAGE YIELDS PER ACRE, 1897 '1'0 1908* 
( Valut~s at Illinois Prices ) 
Plot No .. ... . ... ·I 1 I 2 ·I 3 !1 1 5 6 7 11 14 1 15 I 16 I 17 
Yard Stall Yard Stall 
manure manure manure manure 
Soil treatm ent. .. None and raw and raw Non e and and None None Yard Stall None 
phos- phos- acid acid manure manure 
ph ate ph ate phos- · phos-. ph ate ph ate 
-
SECTION A 
4 years corn. av. bu. I 27 .1 54.9 57.8 21.3 51.0 I 58.2 19.7 21.4 I 41.5 52.8 125 .2 4 years wheat, ·av. bu; 11.3 21.9 2-i .R 10 .. 9 23.0 24 .5 H . 3 11.6 19.8 20.9 10 .6 
3 years hay, av. tons 1. 27 2 .30 2 .63 .92 2 .04 2.42 .87 1.02 1.72 2.26 1.07 
Value of 3 av. crops .. /$ 25 .02/ $!•8.35 j $53.37 1$20.611$46.19 I$ 52. 05 /$2 0.03 //$21.73 / $38 .71 I$ 46 .67 /$22.66 
SECTION B 
---~years corn, av. bu. l 43.81 67.5 I 71.7 I' 43.61 70 .1 170 .7 I t10.1 II 43.81 62 .7 I 64.5 149.6 3 year wheat,av.bu. 12.6 29 .9 30.9 12 . 4 30.4 28 .4 8.9 11.1 20.4 22 .9 13 . .1 
3 years hay, av. tons .99 1.73 1.86 1.02 1.75 1.76 .81 .96 1 .21 1.47 1 .18 
Value of 3 av.cr·ops./$:10.09/$ 54.94 1$57.89/$30.061$ 56.32 / $55.19 1$ 25.13 11 $28 .. 861$ 43.49 / $!•7.43 /$3 3.61 
SECTION C 
4 years · corn, av. bu.l 40 6 1 55.9 
I 
60.5 28.3 59.8 64.2 32.711 29.51 49 . 4 
I 
57.2 34.9 
4 years wheat, av. bn. 12.6 24 .5 24.6 8.3 23.9 26.2 8.6 7.2 16.5 17.9 7.6 
2 years hay av. tons 1.36 1 . 54 2.04 .67 1.42 2.42 .88 I .43 . . 71 .94 .61 
Value .of3av.crops .. j$ 31.19/$ 45.96j$50.64/$19.74/$46.18/$55.33j$22.75/ l$17.95j$33.10 /$38.19 j$21.20 
Average of 3 .fields .. j 1$ 4.9.75 /$ 53.97 1 1 $ 49.56 1 $ 54.19 1 II 1 $ 38 .1.3 1 $ 44.1 o 1 
General av. of 62 tests/ I $ 51.86 I I $ 51.88 I II I $ 41.27 I 
Cost of phosphorus. -I I $ 1 '.20 I I $ 2.40 I II I I, 
*No wheat or clover was a-rown in 1897 . and the clover failed in 1b98. 1899 and 1000 . 
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with the yard-n1anure plots, the aciual yields }?eing considered. · 
In Table 1 are recorded the average yields of each crop, in-
eluding the 1908 crops, on all plots in\ olved in the comparison 
of raw phosphate and acid phosphate. 1.'he data regarding the 
yields are taken from publi0ations of the Ohio Station, but the 
value of the crops and the cost of the phosphorus are based upon 
Illinois prices. 
Attention is called to the fact that if a comparison be made 
of Plots 2 and 5 in each seetion, it will he found that in Section C. 
Plot 2 is no better than Plot 5; similarly, that Plot 3 is no bette! 
than Plot 6; whereas, if Plots 1 and 4 in each section be con1-· 
pared, the fact is clearly brought out that in Section C, Plot 1 is 
decidedly better than Plot 4. 
This very high yield from Plot 1 in Section C (value $31.19) , 
it seems to the writer, places a heavy handicap upon the raw rock 
phosphate, if the in~T'eases be computed by the methods used by 
Director Thorne. If there is anything to Le said for the other 
sections, it is that the larger yields from Plot 1 in Section A 
(value $25.02) aJso handicap the raw phosphate, while the low 
yields of Plot 7 in Section B (value $25.13) may tend to exag-
·grrate the effect of acid phosphate on that section. 
Table 1 shows the actual results obtained .in the experiments~ 
110 computations are n1ade to determine the increases. 
As an average of all crops grown during the 12 years, the 
two forms of phosphorus have produced practically the same 
results, on the basis of actual yields or of money value of the 
crops produced, as will be found by figuring the corn at 35 cents 
a bushel, the wheat at 70 cents a bushel, and the hay at $6 a ton, 
which are only safe prices for 10-year averages, after allowing 
for the extra expense of harvesting, threshing or baling, and 
marketing the increase. The raw phosphate costs half as · much 
as the acid phosphate and adds twice as much phosphorus to the 
soil; and with more manure or clover plowed under to increase 
the ·supply of nitrogen, the raw phosphate should furnish th~ 
needed phosphorus for larger yields. 
The follo\ving article by Director Charles E. Thorne, of the 
Ohio Agricultural Experiment Station, published in the ·Ohio 
Farmer ·(January 2, 1904) has an importatnt bearing upon this 
phosphate ·problem, not only in showing the development of soil 
acidity from the continued use of acid phosphate, but also in 
showing that this injurious effect can be corrected by the addi-
tion of lime: · 
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"SHALL WE CONTINUE TO USE ACID PHOSPHATE? 
"At the Ohio Experiment Station ·a series of experiments .is in pro-
gress in which acid phosphate, dissolved bone black, raw bone meal and 
basic slag have been compared. as carriers of phosphorus for various 
crops and over periods of seven to ten years. In one test, which is du-
plicated at the main station at Wooster, and at the Strongsville test farm 
in Cuyahoga county, corn, oats, wheat, clover and timothy have been 
grown in a five-year rotation, beginning in 1894 at Wooster, and in 18V6 
at Strongsville. · In another test, likewise duplicated at the two places, 
potatoes, wheat and clover have been grown in a 3...:year rotation over the 
same periods. Up to the present date, 18 crops each of corn and oats, 
33 crops of wheat and 32 of hay have been harvested in this work, with 
the results shown in the following table, which shows the average in-
crease for each fertilizer over the unfertilized yield: 
"COMPARISONS OF CARRIERS OF PHOSPHORUS 
.. 
AVERAGE INCREASE PER ACRE 
CARRIER 
I I 
., 
Corn Oats Wheat Hay 
·Bus. Bus. Bus. I Lbs. 
Acid phosphate ........... 12.17 16.05 11.35 61~ 
Dissolved bone black . . .. . ... .... . 11.48 14.17 12 25' 5~ 6 
Raw bone meal ...... a• • • .. •••• 0 9.16 14.02 1 LoR InS 
Basic slag .. .... . ... . . ... . . . . . . ... 12.:!0 f/1.(:)4 12 .11 2 
I 
843 
-
"In each case the phosphate is combined with nitrate of soda, dried 
blood and muriate of potash, in such manner as to bring up the total 
weight each of nitrogen, phosphorus and potassium to the same amount 
in each plot. 
"It will be observed that the acidulated phosphates (acid phosphate 
and dissolved bone black) , which are supposed to act more promptly 
than basic slag, show a decided superiority over bone meal in the case 
of corn; and a possible superiority in that of oats, but a doubtful one for 
wheat, while the hay crops show. a marked advantage for the bone meal. 
The general results from basic slag are quite equal to those from the 
acidulated phosphates on cereals, and very decidedly better on hay crops. 
"This superiority of bone meal and basic slag as carriers of phos-
phorus for the hay crops was observed at an early period in the progress 
of the experiments, but was at first supposed to be entirely due to a 
slower availability of the phosphorus in these carriers, causing a larger 
i)Ortion to be held back for the later crops, the fertilizers being applied 
· only to the cereals, while the hay crops followed as gleaners; and up to 
the present season I have advised the purchase of acid phosphate, so · 
long as the pound of available phosphori·c acid could be bought in that 
carrier as cheaply as in other materials, insisting that the farmer need 
fear no injurious results from the sulphuric acid used in acidulating 
t.he rock phosphate. 
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"For a number of years farmers in this region, and in other sec-
lions of eastern Ohio, have had increasing difficulty in getting and hold-
ing a stand of clover. The seed may germinate and start off fairly well. 
but after the wheat is taken off the stand of clover is found to be irregu-
iar, with spots on which the young plants make little or no growth. The 
following spring these spots are larger, and in many cases they increase 
until they practically cover the field. This trouble was first observed at 
this station in the clover crops of 1898 and 1899, the crops for the latter 
season and since being almost complete failures. · 
''Examination of the soil with litmus paper showed an acid condi-
tion, and in 1900 half of one section of the 5-year rotation at Wooster, 
above described, was dressed with lime, applied across the plots at the . 
rate of 2,000 pounds per acre. Following the regular course of rota-
tion, this section was sown to timothy and clover in the fall of 1901 and 
spring of 1902, with the result that when the crop had reached the 
5pring of 1903 the iimed ends of all the fertilized plots showed an even 
and full stand of clover, while on the unlimed ends there was practi-
<.:ally no clover on the plots dressed with acid phosphate alone, or with 
Lhat of potash -only, and a very irregular stand where carriers of nitro-
gen had been added to the phosphate. Where bone meal or basic slag · 
had been used as the phosphate carriers, the clbver stand, tho not 
perfect, was very decidediy better than where acid phosphate or dis-
solved bone black had been used. 
"At harvest time the wheat was removed from another section in 
this test, half of which had been similarly limed, for the corn crop of 
1901, and the clover here repeated almost identically the appearance 
shown on the section just described, so that we can no longer doubt that 
on the soil of this farm, and this soil is typical of a large area, the use 
of acidulated fertilizers is injurious to the clover crop. But the growth 
of clover, or some crop of the clover family, is absolutely essential to 
profitable. husbandry. Farmers everywhere say that, so long as they 
r-an grow clover, they can grow · anything else, and the converse is als0 
Lrue, that when clover persistently refuses to grow, then other crops 
must steadily deteriorate. 
"On the other hand, the great effect produced by carriers of phos-
phorus on most Ohio soils shows that this element must be supplied in 
~orne form if the best results are to be attained. Bone meal has long 
beeri a popular carrier of this element, but our tests show that while raw 
bone meal produces more clover and a larger hay crop than acid phos-
phate, it is somewhat slow in its action. In steamed bone meal, however, 
we have a phosphate which seems to be nearly or quite as effective as 
acid phosphate, and in which the pound of phosphoric acid can now be 
purchased at even less cost than in acid phosphate, after allowance is 
1nade for the small percentage of ammonia contained. 
"For seven years raw bone meal and steamed bone meal hav·e been 
used in comparison on the Strongsville test farm, side by side with four 
brands of factory-mixed, acidulated, complete fertilizers, these brands 
representing some of the most reputable manufacturers in the state, 
and ranging from 4 percent ammonia, 8 percent phosphoric acid and 1 -
percent potash, to 1 percent ammonia, 6 percent phosphoric acid and 
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1 percent potash. The fertilizers are all applied at the rate of 200 
pounds per acre to corn and wheat, grown in rotation and followed by 
one year in clover. Following is the average increase obtained from 
each crop: 
INCREASE PER ACRE 
PLOT FERTILIZER 
I I 
Corn Wheat Hay 
Bus. Bus. Lbs. 
--
2 Fa11tory hrand "A" . . .. .... .... • • 0 . 7.62 10.62 675 
5 ' ' '' ''B'' . . ~ ........ . . ... .. . 4.88 11.39 658 
-8 ,, " ''C', .... . . . .. . 3.79 8.13 458 0 0 0 •• •• • 
12 " " "D" .. .. . 5.87 8.50 350 .. ... .. . ' 
15 Raw bone meal ...... . .... ••• 0 • • 0 • •• • 6.4.0 13.22 1,309 
16 Steamed bone meal . . . ... . . . . . .. . .. 11.02 14.24 1,300 
· "Basic slag is a by-product of the manufacture of steel from phos-
phatic iron ore. That used in our tests was imported from Germany, as 
it is not on the mar~et in this country except under a proprietary name, 
and at an excessive price. When our steel manufacturers are ready to 
sell it for what it is and for what it is worth, there will be an induce-
ment for farmers to buy it. At present, steamed bone meal furnishe.s 
available phosphorus in probably the cheapest and most effective form in 
which it can be bought, and in view of the results above described the use 
of acid phosphate has been abandoned at this station, except to continue 
experimental work, and steamed bone meal is substituted as the principal 
phosphate carrier in our fertilizers."-Chas. E. Thorne, Ohio Experiment 
Station. 
Still another phosphate experirnent is in progress at the Ohio 
Experiment Station. Director Th9rne has already published 
some results fr om the clover crop of this experiment (Ohio 
Farmer, August 22, 1908) and has kindly furnished the author 
additional data concerning the oat crop. 
Referring to this extensive experiment with raw phosphate 
(floats ) on the experiment field at Strongsville (Ohio), Director 
Thorne says : 
"We began using it across our plots in the 5-year rotation there 
alongside of lime, dividing the section of plots into four divisions, using 
one ton of lime per acre on the first, 2 tons of lime on the second, one 
t.on of floats on the third, and 2 tons of floats on the fourth, applying the 
iime and floats across all the plots, fertilized and unfertilized alike, just 
as we have used the lime in the experiments here. I am just now work-
ing out the results. Those on corn at first seemed undecisive, and I have 
not worked out all the results on the other crops yet but the clover crop 
of this year was a surprise. I sent a preliminary report to Dr. Chamber-
lain some time ago which he published in the Ohio Farmer of Aug. 22. 
r quote below the results as given to him, and add to it the figures for 
this year's crop : 
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"AVERAGE OF 14 OTHERWISE UNFERTILIZED PLOTS 
One ton of lime per acre . . . . . . . . . . ......... . .... ·I 2,2 15 
Two tons of lime per acre . . . . . . . . . . . . . . . . . . . . . . . . . . 2,666 
One ton of floats per acre . . . . . . . . . .. .. .. , . . . . . . . . . . . 5,038 
'J_'wo tons of floats per acre .. .. . .. .. ...... ..... · · · · · 1 5,187 
AVERAGE OF 26 OTHERWISE FERTILIZED PLOTS 
One ton of lime peracre . ...... ...... .. ... ........ .. 
Two tons of lime per acJ·e ... ... ... ... ... . . ....... . . . . 
One ton of floats per acr·e . . . . . . ... . .. . . .. . . .. ... . ... . 
Two tons of floats. per acre .. .... . .. . .... .. . 
3,699 
3,875 
5,459 
5,353 
Bus. 
oats 
32.73 
35.67 
47.81 
55.02 
43 .79 
. 45 .91 
52.67 
62.20 
"It looks as tho we were getting something worth while there." 
We desire again to emphasize the fact that humus as well as 
phosphorus is needed to maintain the fertility of Illinois soil, and 
again, to doubly emphasize the fact that raw phosphate must be 
used in connection with liberal amounts of manure or with a 
good crop of clover plowed under, if satisfactory results are to 
be secured on Illinois soils. When it is used without a good crop 
rotation and without farm manure or green manure, disap-
pointing results are very sure to follow, altho the phosphate so 
applied is not lost, but will remain in the soil until the manure 
or clover is turned under to liberate it. 
All the information the world affords plainly indicates 
that, when finely ground and properly used, natural rock phos-
phate is the most economical and profitable form of phosphorus 
for the permanent improvement of Illinois soils. 
For results from phosphate experiments by Illinois and other 
American experiment stations, see Circulars 127, 165, and 167 of 
this station. For more detailed information concerning crop 
yields from different methods of soil treatment on Illinois soil 
experiment fields, the use of ground limestone, potassium salts, 
crop rotation, legume crops, farm manure, etc., see Bulletins 115, 
123, and 125\ and Circulars 108, 110, 129\ 141, 142, 145, 149, and 
157. These will be sent free of charge upon application to Di-
rector E. Davenport, Agricultural Experiment Station, Urbana, 
Illinois; and if the applicant so requests, his name will be placed 
upon the permanent mailing list for subsequent publications. 
10ut of print. 
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NOTES 
NATURAL ROCK PHOSPHATE 
Fine-ground raw rock phosphate, containing from 10 to 14 percent 
of phosphorus, can be obtained from tlie following companies, delivered 
in bulk on board cars at the mines in Tennessee for $2.50 to $5 per 
ton, the price varying with the quality. The freight rate from Tennessee 
per ton of 2000 pounds in carload lots varies from $2.50 to points in 
southern Illinois, to $3.58 to northern Illinois points. Of course these 
addresses are given solely as a matter of information, and the Experi-
ment Station makes no recommendations or guarantees as to reliability. 
Mt. Pleasant Fertilizer Co., Mt. Pleasant, Tenn. 
Robin Jones Phosphate Co., Nashville, Tenn·. 
Natural Phosphate Co., Nashville, Tenn. 
Farmers Ground Rock Phosphate Co., Mt. Pleasant, Tenn. 
Ruhm Phosphate Mining Co .. Mt. Pleasant, Tenn. 
Blue Grass Phosphate Co., Mt. Pleasant, Tenn. 
Southern Lime & Phosphate Co., Birmingham, Ahi. 
Federal Chemical Co., Columbia, Tenn. 
Central Phosphate Co., Mt. Pleasant, Tenn. 
Central Kentucky Phosphate Co., Wallace, Ky. 
American Fertilizer Co., Santa Fe, Tenn. 
It should be borne in mind that rock phosphate varies much in 
quality. Consequently, it should always be purchased upon a guaranteed 
analysis, and it is advisable for the purchaser to take an average sample 
of the carload when received and have it analyzed both for phosphorus 
and for fineness, even tho the analysis cost him .$2 or $3. To collect 
an average sample, take a small teaspoonful from about fifty different 
places in the car, not only from the surface but also from different depths. 
These fifty spoonfuls well mixed together will make a trustworllly sample, 
and about one pound of this should be sent to some commercial chem1si 
for analysis. 
If 12 lh-percent rock, containing 250 pounds of phosphorus per ton, 
costs $7.50 (including freight ), then 10-percent rock, containing 200 
pounds of the element per ton, is worth $6, a difference in value of $1.50 
per ton, which, on a 30-ton car, amounts to $45. 
The important phosphorus compound in rock phosphate is calcium 
phosphate, Ca. (PO. ) 2· The percentage of this compound in the rock 
phosphate marks the purity of the rock. Thus, if the rock phosphate 
cor1tai.ns 60 percent of calcium phosphate, it is 60 percent pure, with 40 
percent of impurities. · 
Sometimes the guarantee is given as "phosphoric acid," meaning 
phosphoric oxid, P205. This also is a definite compound and always con-
tains 43% percent of the element phosphorus. Thus it will be seen that 
the same sample of rock phosphate may be guaranteed to contain 62 per-
cent of calcium phosphate; Caa (PO.) 2, or 28.4 percent of "phosphoric 
acid" (P205 ), or 12.4 percent of ph:::>sphorus (P ). 
Raw rock phosphate should be very finely ground, so that at least 90 
pF-rrent of the material can be washed thru a sieve with 100 meshes to 
thP. linear inch, or with 10,000 meshes to the square inch. Of course 
anyone can test for fineness by sifting ten ounces and then drying and 
weighing what will not wash thru the sieve. 
As a rule, it is more satisfactory to purchase in bulk rather than in 
bags (see page 15 of Circular 110) . 
BONE MEAL 
A good grade of steamed bone meal (about 12 1h percent phosphorus) 
can be obtained delivered in Illinois for about $25 a ton, from the local 
agents of Morris & Co., Swift & Co., Armour & Co., the American Glue Co., 
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or the American Fertilizer Co., Chicago, Ill., or from the Empire Carbon 
Works, National Stock Yards, East St. Louis, Ill. 
POTASSIUM SALTS 
· Potassium chlorid (so-called "muriate of potash" ), containing 
about 42 percent of potassium, can be obtained for about $45 a ton from 
At.nour & Co., Swift & Co., or Darling & Co., Union Stock Yards, Chicago, 
Il ., from the German Kali Works or the Nitrate Agencies Co., Chicago, 
Ili., from A. Smith & Bro., Tampico, Ill., or from the American Agricul-
tural Chemical Co., New York, N.Y.; and kainit, containing about 10 per-
cAnt of potassium, together with some magnesium sulfate, magnesium 
cltlorid, and sodium chlorid, can also be obtained from Armour & Co., 
Darling & Co., Swift & Co., Hirsch, Stein & Co., the Chicago Fertilizer 
Works, or the German Kali Work.s, Chicago, Ill., for about $13 a ton. 
GROUND LIMESTONE 
Ground limestone can now be obtained at 60 cents a ton ($1 in bags, 
to be returned at purchaser's expense and risk) -from the Southern 
Illinois Penitentiary, Menard, Ill., and at different prices from the follow-
ing companies : 
Casper Stolle Quarry & Contracting Co., East St. Louis, Ill. (Quarry 
~t Stolle, Ill.) 
Southwestern Contracting & Engineering Co., East St. Louis, Ill. 
Ellis Bros., Elsberry, Mo. 
Carthage Superior Limestone Co., Carthage, Mo. 
Mitchell Lime Co., Mitchell, Ind. 
John Armstrong Lime & Quarry Co., Alton, Ill. 
Lehigh Stone Co., Kankakee, Ill. 
Elmhurst-Chicago Stone Co., Elmhurst, Ill. 
East St. Louis Stone Co., East St. Louis, Ill. 
Columbia Quarry Co., St. Louis, 1\lo. (Quarry at Columbia, Ill. ) 
McLaughlin-Mateer Co., Kankakee, Ill. 
Lockyer Quarry Co., Alton, Ill. 
Western Whiting & Mfg. Co., Elsah, Ill. 
Eldred Stone Co., Eldred, Ill. 
Marblehead Lime Co., Masonic Temple, Chicago, Ill. (Quarries at 
Quincy, Ill. ) 
United States Crushed Stone Co., 108 S. LaSalle St., Chicago, Ill. 
Do lese & Shepard Co., 108 S. LaSalle St., Chicago, Ill. 
Fruitgrowers Refrigerating & Power Co., Anna, Ill. 
Biggsville Crushed Stone Co., Biggsville, Ill. 
Hart & Page, Rockford, Ill. 
McManus & Tucker, Keokuk, Iowa. 
Moline Stone Co., Moline, Ill. 
John Markman, Gladstone, Ill. 
Superior Stone Co., 218 Hearst Bldg., Chicago, Ill. 
Brownell Improvement Co., 1220 Chamber of Commerce, Chicago, Ill. 
Dolese Bros. Co., 10 S. LaSalle St., Chicago, Ill. 
Ohio & Indiana Stone Co., Indianapolis, Ind. (Quarry at Greencastle, 
Ind.) 
C. F. Gill & Co., 6709 Lakewood Av., Chicago, Ill. (Quarry at Joliet, 
Ill. 
Some of these companies furnish fine-ground limestone and some 
furnish limestone screenings, which include both very fine dust and some 
coarse particles even as large as corn kernels. In carload lots the price 
on board cars at the plant varies from 50 cents to $1 a ton according to 
fineness. The freight charges are one-half cent per ton per mile, with a 
mmimum charge of 25 cents per ton by each railroad handling the car, 
and with a minimum carload of 30 tons. At most points in Illinois the 
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cost delivered in bulk in box cars should be between $1 and $2 a ton. 
Sometimes one can get one and one-half tons of material containing one 
ton of fine dust and half a ton of coarser particles, varying in size from 
less than pinheads to corn kernels, at no greater expense than would be 
required for one ton of fine-ground stone containing no coarser particles. 
• The coarser particles will last in the soil longer than the finer material, 
which is rapidly lost by leaching; and a product that will all pass thru a 
sieve with 8 or 10 meshes to the linear inch, and that contains all the 
fine dust produced in the process of crushing or grinding, is very satis-
factory. 
MACHINES FOR GRINDING LIMESTONE 
Por.table machines for crp.shing and grinding limestone, using 
threshing engines for power, can be obtained from-
·wmiams Patent Crusher & Pulverizer Co., St. Louis, Mo. 
Universal Crusher Co., Cedar Rapids, Iowa. 
Pennsylvania Crushe-r Co., Pittsburgh, Pa. 
Wheeling Mold & Foundry Co., Wheeling, W. Va. 
Jeffrey Manufacturing Co., Columbus, Ohio. 
MACHINE FOR SPREADING LI.M ESTONE AND PHOSPHATE 
Directions for making a machine for spreading ground ·limestone 
"and. ground rock phosphate are given in Circular 110, which will be sent 
to anyone upon request. This is a homemade machine, using the wheels 
of an old mower, and it can be made by any good blacksmith or carpen-
ter. · 
There is no regular manufactured machine on the market that has 
given as satisfactory service in our experience as these homemade 
machines. They are made upon order by many blacksmiths in different 
parts of the state, and the following business houses usually keep ma-
chines in stock for sale: 
George Kubacki, DuBois, Ill. 
Pana Enterprise Manufacturing Co., Pana, Ill. 
